WO 03/ 072685 PCT/ US03/ 04780 LED ARRAY FOR | LLUM NATI NG CELL WELL PLATES
AND AUTOVATED RACK SYSTEM FOR HANDLI NG THE SAME FIELD OF THE | NVENTI ON The
present iwoenbhiwesis related to the use of artificial |igkCTngoyyssens to
pronote plant growh, and nore particularly, to the use of lighting systens
to 5 pronote growmh of plant tissue in cell well plates. BACKGROUND OF THE
| NVENTI ON I n bi ol ogi cal and bi ochem cal screening systens that enploy plant
tissue, it is inmportant that the growh of the plant tissue be pronoted.
Gowth of the plant 10 tissue is affected by several factors which include
t he amount and type of nutrients supplied to the tissue, the physical
support provided for the tissue, the tenperature of the tissue environnent
and the amount of light delivered to the plant tissue. Wth respect to the
avai lability of light, nbst screening systens enploy artificial |ight

whi ch can be controlled and is not subject to the vagaries of the weather.
In 15 addition, the screening systens typically enploy plates wherein each

plate defines nultipkp ARRAY FERINL OMINZEIWES CELDONES L A TR ates a

separate tissue sanple so as to avoid contam nation with other tissue

sanpl es and the ASHFOMATEI) RACKS ¥ Y EEMMEOR SFANPOMIGi HEE PAME ti ssue

gromh typically enploy a rack, or "hotel," having multiple shelves each
holding a plurality of the multiple well 20 plates. Above each shelf is a
bank of incandescent or fluorescent lights providing illumnation to the

mul ti-well plates and the tisSUGECDMORTEEINVENEION The rack however, has
alimted vertical stacking capacity as the lights nust be kept a safe

di stance from t he Phrapresent Bygaiiemis sélaicd tetbease phatifigial Hglifngsystimato and

because the j e n : [ . ti bul ky. Each
shel f and Iidﬂ?ﬁggﬂ@%@fﬂéfﬁbgW%%gg%§§%§¢%héggﬁ%j§§Bﬁhgﬁﬁgfkég%%ﬁ)requires
about one 5 oopromiote/gotviticad plagiaiseye inicell tveligplaétesdor mal roomwith eight feet
high ceilings to seven or eight shelves. In addition, incandescent or

fluorescent |lights are not ve&g@ener efficient, regﬁéring about 4.4 watts
of power per nultiple wellBp ‘EROEﬁﬁhcﬁﬁﬂéglﬁﬁﬂﬂﬁIl power requirenents,

coupled w th In biological and biochemical screening systems that employ plant tissue, it
is important that the growth of the plant tissue be promoted. Growth of the plant
10  tissue is affected by several factors which include the amount and type of nutrients
supplied to the tissue, the physical support provided for the tissue, the temperature
of the tissue environment and the amount of light delivered to the plant tissue.
With respect to the availability of light, most screening systems employ artificial
light which can be controlled and is not subject to the vagaries of the weather. In
15  addition, the screening systems typically employ plates wherein each plate defines
multiple wells. Each of the wells holds and isolates a separate tissue sample so as
to avoid contamination with other tissue samples and the environment.
Existing systems for promoting plant tissue growth typically employ a rack,
or “hotel,” having multiple shelves each holding a plurality of the multiple well
20  plates. Above each shelf is a bank of incandescent or fluorescent lights providing
illumination to the multi-well plates and the tissue contained therein. The rack
however, has a limited vertical stacking capacity as the lights must be kept a safe
distance from the plant tissue to avoid excessive build-up of heat and because the

incandescent and fluorescent lights are relatively bulky. Each shelf and light bank
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5 cost constraints, tend to limt the density of the rack and the

t hroughput of plant tissue screening systens. Therefore, it would be
advant agewo3imekhve a system for pronoting the growth ofPCgltsns/o478Esues
that can supply sufficient light to plant tissue in nultiple well plates
whi l e al so al loﬂl‘ﬁiflﬂoﬁ ?éqruﬁ@s bt %ﬁé Foolt Bf {HOHY thﬁitlﬂg{;heno?ﬁfala%hf‘ﬂltﬂo
operation. In particular, 1t would be advantageous to have a systemfor
pronot i ng tmhglfm\/tﬂgh@bilhnlgam selvialssueghttshahvesjob&ddﬁtonomcalplesmtmxcesm ve

anount of sp nor uire the use e_anou er plate.
BRIEF SUMVARTISEesostE lERSRRpThye %GHFF%%&%‘S‘% ?eqfl‘rﬂ}’&ﬁ% i Q&P&ﬁégﬁﬁ W#he above
needs and aC?Je?Mﬁﬁlﬂé well 1@@@5&1@9@@ sFaeeah@ﬁb%m éﬁ@erﬁéﬁ@@@hﬁﬂe(ﬁ Qfithpr onot i ng
the grom h of tissues requiring to support prollferatlon The

assenbly 6nc|096t@9n$rq3mt§,rtand tcyllmﬂ ﬂ@ﬂ iy efctbp racéi@ndmhmf@rmhamtrﬁwla@t wel |'s
wherein each of the wells contains one of the tissue sanples and isolates
its tissue sat’r?ﬁlfesqelp%gtsp{%telgfher ti ssue sanples. Support for 20 the plates

is provided by a raglefo@yitR@uld B advahiabdoueto M@feld Salehifos bagkathgshe! ves
spaced a relatively short distance away from each other. Each of the

shel ves may grewcthid®lah dswes thet @W%@Pb’tséfﬁ%ﬁﬂléb%ﬁodﬂ@“@ﬁﬁte lﬁi‘fg}’éﬁﬂlﬁe pl at es
resting ther sue sanpl es
is provided b éhaﬂlg‘lleg‘rwgpg? fégtaﬁ Bﬂl&ef% B%w{elta?ér}g ﬂ&]'loluggﬁuetlro ?gils gl n each
array is IDDunipeﬂuom Impamaﬂaﬂ; 1tb0:aﬂdibe hdvadtagtausno hem:zmystem:furlprdman@ is
supported by respective card g ge connector of the rack so that the

|i ght - emi t ti e govdeer Blrat issuqs tBdees Jokos YA AXS L cARPYF PeP2eh %bne of
the shel ves t, Ne E%ﬁﬁﬁhﬁé’ tHhheel d@Rizem tting di ode array
corresponds tgﬁ{lﬁq %%0 ay suppgr%edelﬂn ?hae regi stered position on the
shelf therebel ow so that each light-emtting diode is centered above a
respective one of 30 the BRIEISUMMARY ORIGTE MeVENTION present i nvention

i ncl udes .an assenbhly for pronpti t he wth of ti e sanples requiring
light tolSupport &hﬁlﬂr?sép%"?}ﬁlon a%ﬁ@ é@wgwe PeRds 38 §aﬁe¥ﬂs Tdef i ni ng
therein a pl lﬁd%ﬂtﬁ%és ‘B%r g@l{ij@g%%@é&%ﬁr fo?Fﬁ)m&m\é@lgéfo%lg@gﬁsﬁgfemé0478o

wel | array. Each Tty of 'wells Is configured to support "and
i sol at e one light to support proliferation. The assembly includes aplurallty of plates each

defining an array of wells wherein each of the wells contains one of the tissue
samples and isolates its tissue sample from the other tissue samples. Support for
20  the plates is provided by a rack having a plurality of vertically stacked shelves
spaced a relatively short distance away from each other. Each of the shelves may
include one or more register depressions that urge the plates resting thereon into
predetermined positions. Light for the tissue samples is provided by a plurality of
light-emitting diode arrays wherein each array is mounted on a circuit board. In
25  turn, each circuit board is supported by a respective card edge connector of the
rack so that the light-emitting diodes are in proximity to the plates supported on
one of the shelves therebelow. Preferably, the light-emitting diode array
corresponds to the well array supported in the registered position on the shelf
therebelow so that each light-emitting diode is centered above a respecti/ve one of
30 the wells.
In one embodiment, the present invention includes an assembly for
promoting the growth of tissue samples requiring light to support proliferation.

The assembly includes a plate defining therein a plurality of wells arranged in a
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of the tissue sanples. Further, the assenbly includes a plurality of
light-emtting diodes arranged in a light-emtting diode array. The
| i ght - emwOilBg78BHde array corresponds to the well arrayPeuaisos/bugso each of
the light-emtting diodes is 5 positioned in proximty to a respective one

of the wells I [ 1l i I'ls.
well ﬁ';fagi (;Eaté gf‘@mlg }p:hgla?l%ty o1k ReonFigsRE &S él%%oﬁglfﬁd o1dt& enre

Shi ni ng of 1ight fonotes prolrferation ~the tissue
supported i n df e tisshé sampese flawthisr, yhe asaghblyfindlindes hipiurelitymifiightgmifiiegles i s

centered above jts respective one.of the wells. .Further. preferably, each of
The 11 ght- erfedes AgEiea e s Hef-PEat fore oy nite i FT B AR B9 ess 1 rom
the tissue 1QofB&HInas tothé wWellfAapsadh the AbeoPhe liBBt-WeltliSs dibBesfot her

enbodi ment of the present invention, a plurality plates and |ight- emtting

di ode arr ays pesijiobed mumpximiedo Byewettivgronged ghe wellssolas trsline hghkt ihitadheides a

Chel ves i o CBRerral S BieCply SARRE PR AT v s BB R 0P o o

Each of the ldfehy tiskhe Qippbktédi tHé adHs PrefRyedly, Sachliinby higd-dmyittingalisde ks above a
respective one of the shelves. Light fromthe light-emtting _di odes shines

into the wel [cgnisredigheveityieapeciiipps elide Wuﬁ-hﬁu@ﬁég?efﬁé‘lﬂdmﬁafrb ofthet o pronot e
tissue growt Hi[gpi-eﬁlﬂgflgg{es%seénn&&’%ﬁé ﬂg@edgﬁgé E&fiﬁlgh ?(&a ge s fr’ggﬂ‘ RE Ay, each of

the light-emtting arrays suppo corresponds to

t he wel | 1ar r aympfe ihlie rgdpadtevesnp pditesrelisher ebel ow such that each of the
light-emtting diqQdes |s pasitioned above a respective one of the wells. In
addi tion. the shelBagolbsr SHROGHER o &wmﬁﬁlh%em@gf 3 phralify plakssan Bighi oh
urge the plaLegindi ERREAyE HEY 8O BupdkRd B %‘iﬁ‘élﬁ&éﬂs FhcROTE kRRInQHER t hat
each of the Iigﬁltnié emtti %g d?odesﬂﬂi&s ce%t ered abfggeci ts respe%ti ve one of
the wells. Theluatiky ofalicl2ss alrseallysphasddioan pdohrogher twhersfin eanhcbfdldgshebennect or s

i aint Com o Ay Sount A de e B} iy St e e i eie array.
The car d18d9enfifAM3eBSR Fradé B sﬁ%ﬁdrﬁéd%ﬁtﬂe Rk AHPRA flespddBve 6hd Sftthé boar ds, and
the light-emtting di odes enbedded therein, above the shelves supporting

the plates. Pheves dbght framngheslight-paitting diqdes shingsdntorthe wieHe pEtheapde t 30
al lowi ng a1 &b abdhaloh dl SARAS] Lo o0l HALETSLR BSWiEb iR karipiteck even vhen
contained in the plate.
Preferably, each of the light-emitting diode arrays supported by the rack
20  corresponds to the well array of the plate supported therebelow such that each of
the light-emitting diodes is positioned above a respective one of the wells. In
addition, the shelves of the rack can include register depressions which urge the
plates disposed thereon into predetermined positions such that each of the light-
emitting diodes is centered above its respective one of the wells. The rack may
25  also include a plurality of card edge connectors that are each configured to receive
a circuit board in which the light-emitting diodes are embedded to form a light-
emitting diode array. The card edge connectors are positioned to support the
circuit boards, and the light-emitting diodes embedded therein, above the shelves
supporting the plates. Preferably, the shelves are less than two inches apart
30  allowing a relatively high density of plates to be held by a rack even when vertical

storage space is limited.



WO 03/ 072685 PCT/ US03/04780 1In yet another enbodi nent, the high-density
rack may be enployed with a mani pul ati on system for use in high-throughput
screeni ngwoThe72e8hi pul ati on system i ncl udes a pl ate nani pairaises/o47sat has a
range of notion. The rack is positioned so that the plates supported
thereon are w thi %g&%ﬁbﬁf&g&nﬁédﬂﬁ%ﬂ B2 HBEh-Redsh§ rlkahsy PRGhPBY &t With 2 The

pl ate mani pul ator 18 then capabl e of supporting and Tenoving each plate
from t he r ackmdngpulaidnmysteadfopnsede highafiroughpit saxsehimga The granipukationghput
sequenci ng operati.on. . The present .invention has several .advant.ages. The use
of 11 ght - em SFHY alpdssdepleth Sranippiatordbal e eshEs e migfop: BEERIST ¢ han
fluorescent aRgitibREPRABHCREplatel BuiporRa tidrbsie WhgisheldRe iPindtidd ofack to be

more cl osely stacked. Mrre closely stacked shel ves increases storage
ef fici enc§ byhe pldigananpulnter.afeplateanandpdeter isibadeapable of sunperting aadequat e

i G- hr oughpal URE sk e i e Taabh AEP i ebrodRRE s Haniflrbiets ¢ necea

on a daily basdbsghgud séf@héih@Bperiisre pl ates are accessible to automated
pl ate 15 mani pul ators, such as robotic arns, that _have a_ |imted range of
notion. Matching Thedreseniganetiondas sayerl advantagesnel pesusg;of Hehtramigine

light-emtti I I 'Qm;w i read and
intensity fo;agoo&%% ﬂ%gﬁl%tl%}%\@éﬁ}g#g\fﬁﬁi te urt Ellglrl (ﬂh? {]eg&in:t SJ%? ﬁ“@%ﬁ%ﬁeﬁg di odes
use | i ghttonoealbafdloos ¢t dhglvandf thaveckltobe mqeviesely stagkddr dviemetctosblyr pronoti ng
ti ssue growth t{ggﬂ fLuor_escent and i@cande cent .bul bs, 20 ayer a?gi ng about
1.3 watts perstaskethihelves Incgsases rageeitigispay RyredBcing e gmauat o1Pace | yor escent

and | ncandes GERlcqy iy B e SEPERMTIN LA ER kM FVE OF THE

DRAW NE S) Having thus described invention in general terns, reference
wi Il now be i@portaden hightthughm spaening gpatatzasivgere thoisindaobsamplies are

Rt gt hr oudrpe iy S thys< PLradiGs Bisherleditacheb b TlEbTFL LR '
i nventions Firﬂéiﬁ()ﬁll@tofs?s@h%&mtahﬁg tNAt @MY ©F 1ighitdH ririgelo mitsloh. Madding

supported and 30 centered below a |ight-emtting diode array of another
enbodi ment ofang pEgpnen e each ofikswelbnwith its own light-emitting diode allows for

calibration of the light beam spread and intensity for optimal tissue growth.

Further, the light emitting diodes use light more efficiently and have lower power
requirements for promoting tissue growth than fluorescent and incandescent bulbs,
20  averaging about 1.3 watts per standard 4 by 6 plate compared to 4.4 watts for

fluorescent and incandescent systems.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Having thus described the invention in general terms, reference will now be
25  made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:
Figure 1 is a perspective view of a high throughput screening system of one
embodiment of the present invention;
Figure 2 is a perspective view of a multiple well plate supported and
30 centered below a light-emitting diode array of another embodiment of the present

invention;



-4 WD 03/072685 PCT/ US03/ 04780 Figure 3 is perspective view of the rack
shown in Figure 1 including a plurality of vertically spaced shel ves and
card edgewomnnexssdrs for supporting a plurality of the welCr/uyshao4so and
light-emtting diode arrays, respectively, shown in Figure 2; 5 Figure 4
is a rear el evati@fﬂ%#' i P Bellh@ing aPer specti ve
view of the light-e ttg}%ngérﬁelg gé??lfz{%?ﬁ%@a%&‘%ﬂ&)@ 1??1§%ngggh%nlgg a bottom
pl an vi ew of plurelityiofertieally spangl shiebwe amt cang edde Fingestersdor suppdrtidgag a
circuit board . for s ort.i | i -emtting.diodes: and Fiqure 7 is a

per specti ve W&e&“&# eW‘FlL@%teBFg‘EslélﬁfFeém%l 'gdﬂ?\clietq{’éayﬁ’irﬁme-cg‘i ’éﬁ?‘f"’? tthg di ode
arrays and mgi_édré’he well plates of Figure 2 installed therein. DETAILED
DESCRI PTI ON THE | NVENTI ON The present invention now will be described
more full§ herei ndliguse 4us @ rear elev drcardew pbthenackaefdigwadyi ng drawi ngs, in

whi ch preferred embodigents of t.he 15 inyvepti.on .ar hown. This 1nyention
may, however, be Eb M4 Egﬁa PHSRERY® Eﬂe?’vf%frrhé%ﬁéhti‘ecl)l}lﬁ%negaﬁ%&s%%aa’ |°? IF%r%ltr © %?e
construed as |im tFeghré @ i§ HBotEdHh PN BHY Sfﬁletlight)émmiﬂ%ﬂﬁﬁé'arrai &t igtire 2t hese
enbodi nents are (Frovi ded so that this disclosure will be thorough and
conpl et e, andneARding pgirpyit bessd &y spprortpg Bghtrpmitting dipdesn?idbn to t hose skill ed
in the art. Like r: . L . 120 1 n one
enbodi nment, the prfgéie{%? 1?%@%&8‘6%’%%@%@%%?%ﬁ%gﬁ%ﬁ%ﬁ screeni ng
syst em 1Q0whieptittingdioddesrags arabatltiple Welt plates ofiiigneal adtalieditlpudiat i on of
multiple well plates 12 housed in a high-density rack or hotel 20 wherein
each of the nultiple well plates contains a plurality of plant tissue
sanpl es 13, as shown i i R E e well plates is
an array of light em t??ﬁg gl O%?SESZ(%@I?E%%N?%I suppol(rq?le%ﬁby acircuit
board or card 31 tlatpresepiphyertiogmowt willHealepdriiet mare Sellyeheainpliiesvitd i n t he

wells 14 defined in the well plates 12. The, hi gh-densit .ack 20.includes a
rect angul ar «H&%@nﬁifo tge ﬁgﬁopip&gylgg (éEaVW%SI’ ?W%%‘%aefgﬁf?ffﬂ?%‘{}mﬁtsé’ Heves 23, a
pl uralitysof isrntos d2eheRANTEIsAhPertibn A0, Rowdick, fembodbaas hithy IURREIt S 25,
as shown in Figure 3. The pair of side walls 22 are 30 horizontally spaced

apart across foims andshawlgmonbe eenstrucdias livpited todhe prabodiments seterth herein;

rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention to those skilled in the
art. Like numbers refer to like elements throughout.

20 In one embodiment, the present invention comprises a high throughput
screening system 10 which includes a robot 11 for the automated manipulation of
multiple well plates 12 housed in a high-density rack or hotel 20 wherein each of
the multiple well plates contains a plurality of plant tissue samples 13, as shown in
Figures 1 and 2. Above each of the well plates is an array of light emitting diodes

25  (LED’s) 30 supported by a circuit board or card 31 that supply light to the plant
tissue samples 13 in the wells 14 defined in the well plates 12.

The high-density rack 20 includes a rectangular base 21, a pair of side walls
22, a plurality of shelves 23, a plurality of card edge connectors 24 and a pair of
connector supports 25, as shown in Figure 3. The pair of side walls 22 are

30  horizontally spaced apart across the rectangular base 21. More particularly, the
side walls 22 are attached to, and extend vertically upwards from, the left and right

sides of the rectangular base 21. The shelves 23 are spaced from each other in the
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side walls 22 are attached to, and extend vertically upwards from the |eft
and right sides of the rectangul ar base 21. The shelves 23 are spaced from
each ot hewoiog/ordees -5 WO 03/ 072685 PCT/ US03/ 04780 verti caCrdisoge47son and
extend between the side walls 22. The pair of side walls are attached to

t he shel ves d e

shel ves 23. g@m@r% cﬁ&?%émﬁﬂéﬁ%@ééﬁtﬁg?@%a oEt2 2 qﬁé@ﬁ‘fés??gggﬁ%gls g{él OW ng
nmore t han 4(Att3dhekl\t@ﬂ1etshelbes Bt BAK eupport the lerfbandvmghlu edges ®if kaahgpfitad ght of

about 8 feet. In 5 a hof he) re defi nes

| east one depPei¥es %?‘ndfge%erq%gﬁ 6578523 %PH &ﬁ’ﬁﬁcéf %pg BIo&g cal
device (such 4@%h@1v5%%tsta%kéd ﬁladrboﬁmfth !aJ'E:éiﬁﬁ§ heiBRt Gfabbhies Rlefiti@s 12 resting
thereon into a registered position known he robot 11 for later

retrieval 5 andddMnnmlcth the sh@lsesshofnmbdsndﬁrgs: picleast ofihdepression2®, idge.he

present invention S, oul d,not .be e red ted to fdé descri bed 10
o ment - FHES PrRSuhATEHCR sireRER) ST b Sdpi el o) HREERE! vt des
supporting sht 3€a pMteSHPRMikSthateoN aitb QWssistelce Phsitib® REowN By GRN16béd €s for a
desired nunber of the plates 12 or trays hol ding the Iates Preferably,

however, the llielpkgtﬂrﬁtﬁgvaéamém@@ubnew@Sh@mlrsﬂtgmecze e rarledd ahthe for
access by th ce for urging
fhe pi atos 19 angniiisHRN R Yokl SOt AR RSB LeR 07 | B 0" 0
and intola pegiboddnenkNThérack colldéndlodiainy stractutedrassentily t}&wpiowdlébe connect or

supports 25 each have an L-angle shape with one le ffixe

respective ofBPRFIASEIECERON PPt RS V%Q}lst%n@ﬁlﬁﬁfraq ngificg rij@SIir?ﬂ/\ar ds
tovard the GLRekr e Blaids19 ot HEliing ¢ aékop&f%gﬁg%@% dhdre rack 20,
as shown in i gure he car ge conhectors 24 are each nounted to
t he connect osusporiiog smfac%shablnl\lmvasmﬁsmatcleamn@rfer afcedsitey thhedbotis 23, and
subj acent the ne e shel es i n e ver.tical

tive
di rect i on. SerSEhD S5 bens piiier dByics Aorage hrplats AT ShENROY| ot s zed
to receiys ar\‘mﬁfilﬂ@ cBifresp Bﬁdlﬁ% afrf\PoCLEIOUWiI30 RA3hiEdS poditiohk@olArd BRNbBSt SI ot s

al so ensure that the circuit boards 31, and hence the arrays of 25 LED s
30, are corref@ltllawp@m\talloned above the shel ves 23. A pair of power |eads 32
extend vertically

back f h
el bats 55 by dAeRBfhdE R o5 sl & Wit THE puBR DA G RRe fffixed "

toa respectlve one of the side walls 22 and the other leg extending inwards toward

the other one of the side walls and along the back of the rack 20, as shown in

20  Figure 4. The card edge connectors 24 are each mounted to the connector supports
25 above a respective one of the shelves 23, and subjacent the next consecutive one
of the shelves in the vertical direction. The card edge connectors 24 each define a
horizontal slot sized to receive an edge of one of the circuit boards 31. The
horizontal slots also ensure that the circuit boards 31, and hence the arrays of

25  LED’s 30, are correctly positioned above the shelves 23.

A pair of power leads 32 extend vertically along the backs of the card edge
connectors 24. The power leads 32 are electrically coupled to the horizontal slot of
each of the connectors by being soldered to adjacent tabs 33 on the backs of the
card edge connectors 24. One of the power leads 32 is attached to a tab on the top

30  of'the horizontal slot, while the other is attached to a tab on the bottom of the
horizontal slot. Each of the circuit boards 31 is energized, sending power to its

LED’s, by insertion into its respective one of the card edge connectors 24. A
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each of the connectors by being soldered to adjacent tabs 33 on the backs
of the <card edge connectors 24. One of the power leads 32 is attached to a
tab on thwotodp723885 of the horizontal slot, while the other PC3/Ushi/edBed to a
tab on the bottomof the horizontal slot. Each of the circuit boards 31 is
energi zed, s L L =D I L i I pgctive
one. of the odrdrageati s haybe moreR e e p 3 s 38 s Bkt s 8158
protective s hiirettebrBdomathehaclnoithe etk@deso aste physieallyl ratdst, thesdlderddng in a

vertical directian along. the. back.of .the rack sp.as t hysi cal | y
protect the §8P%F€ﬁ8’8? asc%‘%h@scﬁeg‘ﬁggaé’%“\%?ﬁ?erﬁ % h%gfo&gggﬁ %E‘fe‘fgﬁ_t erference.
Al though the cgakddid6l 98 all6R TRGEPIStaldticH drdWein@¥al&FRYcH Atedyadfl HN-9B0and
renmoval of each array of LED's 30, 5 the circuit boards 31 could al so be

hard wirefl i theocirduit hoanls ﬂ@.oummdwimﬁrh@ﬁihmskaﬂd | ocati ons of the

| [ h I . . il d b L bl '
breexi sting pl at o WA cugmimear Rt e REuT BERThE MR athtT R  ance

the plate pretefaabled th8s cafipsid with prefiséhs glﬁt@ﬁanﬁliﬁg efuipfas:, Sivpws i n
Figure 2), or 48 wells in an array of 6 by to be conpatible with 10 nost

handl i ng devitkegbotheforipstancgcths platerrofesihlnhare24iwells wsarrgy o640 s, or 96

wel | s that ar I .COF hl 1 onv. i e Howe ?/ ,

nonst andard (g\seﬁoa'glelﬁ%gégﬁggﬁwgf gqo&o;g{hé'lsog , ys%ﬁﬁeacg&l1 adl ng @{ well or a
1000 wel 6. it heddlingldesices Qifielcwell dbsitids Rolldde dsedinshas Entellspyedes t hat
further isolate the tissue sani‘gl es.. 13 engl oaia%,t herein while stc{a}i

al | owi ng t he ell§ ARatiacssalemequpatiplenyith pwenfienal geyiges. fpwgyer gopianderdsye
sanpl es. The : hi,gh- i i Lichi a
Vodel Mo, NSVSOURE ST P O ed bt e OO or OO wERD P Ve Loy
t hat provi de plaes ¥2 cinaldo ihclghe trémspatenseversghavibtihertisolate ke tikised sangded r om t he
tissue 13 is less th one. i.n¢ The white LED s emt. a. relatjively full
spect rum of IPSRFIOPFEAEEHVRLE %{QI dlpvag rtEaﬂls?lEf’SIr?&r?-%m fEOIIEI‘:;]E%? }sﬁﬁ J

Advant aggguslsy.io iltaidkiid Lansectra em ssion of the white LED s elimnates
the problens of matching different LED s having different spectra to the

differing Iight séieilfilViswareprefstablihighbsighingss whits $48Xs @ichis ModgNonot e
gr ont . T gl ofbop vl BSm Kiph e F R IR PRRIMETGGA Phafpithiol © POVer

source.

sufficient light for tissue growth when the distance from the tissue 13 is less than
one inch. The white LED’s emit a relatively full spectrum of light frequencies as

20  compared to non-white LED’s. Advantageously, the full spectra emission of the
white LED’s eliminates the problems of matching different LED’s having different
spectra to the differing light sensitivities of various plant tissues so as to promote
growth. In addition, all of the white LED’s may be powered by a single power
source.

25 Further preferably, the LED’s 30 are in a twin-lead, 5 mm epoxy package
and are loaded in series into the printed circuit board 31 in the array, as shown in
Figures 5 and 6. Alternatively, some or all of the LED’s 30 may also be
individually wired, allowing individual control of each of the LED’s. Each of the
circuit boards 31 preferably has a contact at the top and bottom of the board at its

30 connecting edge positioned so as to correspond to the top and bottom tabs of each

horizontal slot. As mentioned above, the LED’s need not be supported by a



25 Further preferably, the LED s 30 are in a twin-lead, 5 nmepoxy package
and are |loaded in series into the printed circuit board 31 in the array, as
shown in wbiogr®ss 5 and 6. Alternatively, some or all of Poe/USERI48B0 nay
al so be individually wired, allow ng individual control of each of the

LED s. Each qfintdacirchitbbhidl biRQRUAP e Hard R PiaPig didfedre9Rbadurdtorshe top
and bott om of tnhe board at '1ts 30 connecting edge positioned so as to
correspond t antlipesitiops wavdssbiot tb shineabficeht Bghttontdtheiwadinlates 2.0t . As

nment i oned above, e. L , Nt be supported by a -7 WO 03/ 072685
ST US03) 04780 prEHEBi e P DR PB TG 4B QOB PR e
desired arrayy bENAE 191 deBREH IQALH OMS cOIEGRR PRftds 120 Ad RBuls whén i ent

| ight onto the well pl ates 12. Preferably, the LED s 30 are spaced in each
array so &s tdf theoklfle spifhate centengd abeyserciespgctive enpeofithe welly 14 wden theavelh each

of the cell |l ates 12, - I h . B he 0

centered abow atgs ﬂe%rﬁé’(]i?l?e&lg p@%(gog?ft eestt%q?géchllﬁglv\ﬁ%lﬁf ?Ihee&\l/%\% ?E%I Sa@('alg 12 are
properly posidoupleedn aResttatond rataehithiatdipstthadnewtahdvelldps. LEUdhs, c3@- i s
coupled, in a one-to-one ratio, wth a respective one of the wells 14. Such

a one- to- ondowaapruniggiispipmated bythsyvhitsdisphemissiop ghthed FR'sivdichbf the LED s
which elimng t i Lf 3 Qfn:nan-white
DS shi ni ngiB it BERF ol D Bt BRRG it bERBTM BT Pt ol | e
wel | pl atl®@s Iach plasinsssueshnliplet he regi ster depression 26 which urges its

respective plate into a predeterm ne osition on gne _of the shelves 23.
For instance, the PAOWP@S%‘PP‘&?Oéfhev&é%lgla?ﬂlafs garedoytheresisifes 12 in its

regi stered poghldkGhn Q@Wh?amg&%tmsp&ﬂ% biSteGRIA 5 88ktAARLd pdslionbnVheb array
of 15 LED s 30, as shown in Figures 2 and 7. Centering of one LED above

each wel | aldfdhesshelves 83 s Faninstahes, eyt 6 erayEel welts 14 ofsme ofthetiged? t om of
the well to he. cal.ibrgted .S0 as to (gsrovi e anto%ﬁi n@l tﬁ %nt of li.ght beam
spread and i PR EFESFCPE PO AR EQTESSPPR (@ ot B 8P et [gg YOI Sbr ead f or
each LED1iss atpor 39, 40he@n8n Fighhés Daidout Céé@isdftonealED Mhdveatt wale and
current -is 5.6 Candel a (15-16 Tunens/watt 20 at 20mA) with a 20 beam The

col or tenper lgws thesdigigne hepwemabe kEDand. tissugnatithrbation: ebide avedlite band

intensity, howsy Wi_| pendi ' ; f ant

i souo and tRATHase s o BV FRENE T b B byt O8 R R
promote tissue growth. Preferably, beam spread for each LED is about a 40° cone.

The output intensity at full voltage and current is 5.6 Candela (15-16 lumens/watt
20  at 20mA) with a 20° beam. The color temperature is 6000 to 6500 Kelvin.
Optimum spread angle and intensity, however, will vary depending in part upon
the type of plant tissue and the desired rate of growth. To achieve such variations,
the LED’s can be current limited using resistors to reduce output. Output can also
be reduced by pulsing, shortening of duty cycles and/or reducing the voltage. An
25 increase in output can be achieved by increasing voltage and pulsing at a shorter
duty cycle.
Arrays of LED’s 30 corresponding to well plates 12 with standard arrays of
48 and 96 wells could also be used. In another alternative, the array of LED’s 40
could be configured to correspond to a non-standard array of wells, such as an
30  array of 3 or 1000 irregularly spaced wells in a well plate. In yet another
alternative, the array of LED’s 30 could correspond to several of the well plates 12

disposed on one of the shelves 23. As an example, three of the 4 by 6 well plates
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the LED s can be current limted using resistors to reduce output. Qutput
can also be reduced by pul sing, shortening of duty cycles and/or reducing
t he vol t 24/0.03/AMm68%5 i ncrease in output can be achi eved by iPeErisazi4180 vol t age
and pulsing at a shorter duty cycle. Arrays of LED s 30 corresponding to

wel | plates 13 wyidhesdBpoiaddcindbdiabiedPositidhs S04 siB1eWRklof bl Sande used.
h of "LED s 40 I d

In another alternative, the array _ coul d be configured to
correspond t chaamgnefStEINd30positiongd hereabdvesis adddly 6cesragn 30 array of 3 or

1000 irreqgularly aced |ls in. |l plate. | t ot her | .t ernative,
the array of LED :[R% eé%ﬁ% oig}eg'ﬂ%\éiewltﬁlag%\?&“@ﬂ %{fete? ﬂglr\/\ﬁg? Facbligt 12

di sposed on Qqp§ Heht ddenRNINT tRSLEDS 30 alRXAHB sBelvésmiae wRivefiltald by 6 wel |
plates -8 WD 03/072685 PCT/ US03/04780 12 could be supported in registered

posi ti onsSon stackehiyeinghrs aphrtt ResheHsizged 99 Inchreiby 1 Hnches wguldmholddy s 30
ositioned ther ! I . | e of .t heohi gh-densit
g tacki ng wel IS?aﬂﬁgﬁg{gylé%vieﬁ p% %%sb%lzaagkdaaﬁg‘?aﬁg %deﬁleﬁ’%\slvgﬁgé Vaerrltgcag%gf ? ?%elg?% of t hg

LED s 30 al | curtidagsisabelagpica3tdragd@ont) 1A ©adl by 36005p1aek esull Wanibackesd apart .
A shelf size of 96 inches by 19 inches would hold 90 standard 4 b}/ 6 wel l
&

pl ates 12 andngdsuprligdiwithplightén |@kcubiefaekefl \adyme.c Hh¢ gumbergffissre sampleser t i cal
i f t t d
PS8 I GG ATy B PO 5,500 I 17

and supplied w cubic feet 0 ssue
sanpl es 1Dor rsquiteddorthakamge nambarofisemptes lheB GsidQ Bluoteancend tiptingswith 505 cubi c

feet would be,10 requiyed for the sane nunber sanpl.es when_using
fluorescent |SHEHES ?Pg‘c?dltfqPOté‘lP?éT%@stﬁgbaéE"egbIQ% {Platﬁérgu%lf*?ﬂ’ tﬁﬁ@""éame 4 by 6
wel | pl ates. : 198 Bok i RIER : : educe

t he power reﬁ)ﬁegg&tﬁge%?lgﬁk Pi{eﬂgch pl gto er&g%‘érbgm 4, 4e§\5\a tnrse&?%%rgﬁeﬁ%}?@g%ent

lights to 1. 3ramattdswatistthr flherescet lsghtTtoel.B omtis withwkes LED&yUThedowert poveare  due
of t LED s.wi.th t he l1s 14

i t to th i tioni t ot

whi 6h pr oot deaFREReglTRe Pk narde b it REEEP G b reed e BBep s 1
ot her wongs, Wals&14afhitlSronididthe BRIt 8Rtrbutibh 6f tisPohit IBRAGRASEEDNE Thi ssue
than in fluorescent lighting SﬁstenE, requiring less light to be generated

overal | . Dur iotlerivssdnmarnef the dight ganstaitddut the EEEEnTeaghes yha éssna handi r cui t
boards 31 ¢ %Uo?és@élﬂ @igﬁtriﬁga%)%teg‘fs, J‘elczlglrﬁlggigsseﬂgﬁt t%enleeg%hgrgteﬁ%vgl%ﬂj[ o correspond

to the arrays o
During use of the high-throughput screening system 10, circuit boards 31

containing arrays of LED’s 30 are selected so as to correspond to the arrays of

20  wells 14 of the plates 12 used in the screening operation. The circuit boards 31 are
each attached to a respective one of the card edge connectors 24 by inserting the
circuit board into the horizontal slot of the respective connector. Such insertion
electrically couples the top and bottom contact arecas on the board with the tabs 33
allowing power to be supplied through the power leads 32. Once the boards 31 are

25  energized, the LED’s 30 are switched on and begin supplying light.

The tissue samples 13 are loaded into the well plates 12 and fresh liquid

media is injected into the wells, preferably using an automated system such as a
GENESIS liquid handler manufactured by TECAN of Mannedorf, Switzerland.
The well plates 12 containing the fresh plant tissue samples 13 are gripped and

30  positioned by the robot 11°s manipulator on the shelves 23 of the rack 20. As each
of the well plates 12 is positioned on its respective one of the shelves 23, the

register depression 26 urges the well plate into a centered position below the

9.



20 wells 14 of the plates 12 used in the screening operation. The circuit
boards 31 are each attached to a respective one of the card edge

connect orw024/0fm683 nserting the <circuit board into the hoPCTarsvab4780 ot of
t he respective connector. Such insertion electrically couples the top and
bott om cont a ¥ ' 0 be
supplied thr %Errﬁsrp%ﬁ&l g%?gfgggs&3dgA&%ﬁi€&éssa§ \hwl-JJ}?%\al'&fregIg ngigﬁ;gsr%l zed,
the LED s 30 sact}eassthe heduetd rquemsidhdpﬂg nutr&n#spskaynpigtﬂellgllutd ofidve of itteswelssanpl es

13 are |loaded into the | | Iate é H% shI| ﬁedlalsmjected
[nto the vl FETOY sopai offis tise Semples Tamdhaits oy splie SimeBanih  GENES) S
l'iquid handl %hoﬂﬁ&n'tﬁeax%tgytrﬁdac%fsséfﬁﬁé\%ﬁ ﬂiﬁ@nﬁ;@ﬁéﬁ on&«ﬁeéthﬁé kigbs 231.;&13 vel |

plates 12 containing the fresh plant tissue sanples 13 are gripped and 30
posi ti onefl byetrineestbdplatelfiors itypasifion an the rogistehdergersione. 23 of the rack 20.

As h of th | plates 1 it d f th
Shel ves 23, (he rigRver BupPetbrbRvat ARGRLRE:, TR SRR Y Fo gt 1
centered posiatd REs RkPUnd &Bit 1e8s Mt B GTReRtedteld AR RdefB Bulbs answsiendi ng

array of LED s 30. At intervals necessar% for the screening Erocess such
as the need wshelveg?ef thprack@Qitelbenors easady staekred! dMaerneldselygiagkest shehyes of t he

wel |5, remys SOe.0l L UAAdoHP - SAIRLER: LHAM LIS, MEl Lol whsnl ce one

plate with an acces e appropria ocati‘on on one

of the shel V&aecﬂﬁta?dm@ply‘iﬂtﬁwels@mp&sﬂbe Tlhlsats Parfticolatly irdpgesit id lgh-on t he
regi ster depression 26. The present .invention has several advantages. The
use of LED s tuoughpit sgeeningererafiong ywherrdhewsendy lsenmissere pegded onafaltent and

| ncandescent vy Df Gl ndeplaR0Bl RS 2MIAb g @ElRInirfpRRET € ©l osel y

stacked. More close sta I ncreases storage efficiehcy by
reduci ng the sactoambbmﬁc mcmdthwedltrmtddmas@ dmdifbra ddapabing aﬁdlph)gmncnft tissue

sanples 13. This.is. partjc i rtant h- .t hrqu ut .scr en| ng
operat; ons wieeen iSRS AR G PR e EiiBedir g anava g rBist of

addi ti onysmorg, Hélﬁ“o%ém%f%a@ﬁﬁ@&%én@itﬁf&%pﬁﬂl%?ﬁﬁh@gro%ﬁt EufiRd By '11§Bt0 r S such
as robotic arns, that have a limted range of no Mat chi ng and

al i gnnment  ofenatiinlg doddes B8 hard lowen dowrtrbquitesnentathan fheresaent andng d| ode al | ows

for calibrati.on the |light bea dan for o
P esan o out HicheRfseRm Pl alerbn S0 P BORRS oRF SR By Ehud P Pkt
requi rement s b BaAnwAttsUer A66:88enttddd incandescent systems. White light emitting LED’s

30 have the advantage of emitting a full spectrum of frequencies and therefore

20  being useable for many different types of plant tissue. In addition, the use of white

LED’s promotes the one-to-one coupling of each LED with its own cell well.
Many modifications and other embodiments of the invention will come to

mind to one skilled in the art to which this invention pertains having the benefit of
the teachings presented in the foregoing descriptions and the associated drawings.

25  Therefore, it is to be understood that the invention is not to be limited to the
specific embodiments disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended claims. Although specific
terms are employed herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

30
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i ncandescent bul bs, averagi ng about 1.3 watts per standard 4 by 6 plate
conpared to 4.4 watts for fluorescent and i ncandescent systens. Wite

i ght emwoing7dsBD s 30 have the advantage of emtting aPCmUSOyPEsdr um of
frequenci es and therefore 20 being useable for many different types of
plant tissue. In addition, theryser i hEE$:pronot es the one-to-one
coupling of each LED with its own cg{'ﬁw\?\/{eﬁeqd I\/an?/)'m)di fications and ot her
enbodi nents of the invention will cone to mnd to one skilled in the art to
whi ch this inventilon peii assesibhafer pgnidtiag lpesvethidf tiefue sahplds eapiiimgkight
presented in the foregPing_descriptigfs and, t he associ ated draw ngs. 25
Theref ore, i ti0SePRAS! HRL{FHHIONS 3B ASSERBY CAPTSSEention is not to be linited
to the specific enbodi ksel st i V@éjﬁar&tjher
enbodinen?s are intengggaﬁégggﬁgggﬁﬁﬁg' mﬁ?ﬁ?% thga?%g%%ﬂg? the appended
cl ai ns. Al t haaghoSthe piifrality of svelis cenfegueatpb syepbrhardasolatetdne pf thedisssed in a
generic and descii ptive sense only and not for purposes of limtation. 30
Z10 WO 03/ 07288B!18c#%Us03/ 04780 THAT WHICH IS CLAIMED: 1. An assembly for
prompting growth of ti sSuEr S et Bhr-eRARthE dleed hddtged iPa BERANting
proliferation, said assenbly ‘conprising: 5 a plate defining therein a
plurality of dieddarayroommepeading ta theev¢ll arayspch thasedchofl theleghsiegrithingt y  of

wel I s confiigured to support and isolate one of the. .tissuye ..sanples: and a
o ur ol § 03 0of ittt oA S s e S Gre  Ipe Fraet B e MR oo e
array correspbditispertive ohdef i lwelld bh@prodittdiploliféraR LY thé tibdhe shp@hfedem tti ng
10 diodes is positioned opposite a respective one of the wells so as to
shine |ight ithe1810-t he respective one of the wells and pronote proliferation
of the tissue supported therein. 2. An assenbly of Caim1l, wherein each
of the light-emtting diodes 15 is centered above its respective one of
the wells. 3. An d@ssenbAyagsbmblyeofiG12im Whelieeein eaccdt thé ligheerhittgiy diedast t | ng

diodes is one inch or less fromthe tissue sanple in its respective one of
the wel | 42 r}s centered a oveeits respect%e one of the wells. P P

3. An assembly of Claim 2, wherein each of the light-emitting diodes

is one inch or less from the tissue sample in its respective one of the wells.

20 4. An assembly of Claim 1, wherein the light-emitting diodes emit a
white light.

5. An assembly for promoting growth of tissue samples requiring light
to support proliferation, said assembly comprising:

25 a plurality of plates, each of the plates defining therein a plurality of
wells arranged in a well array, each of the plurality of wells configured to support
and isolate one of the tissue samples;

a rack including a plurality of supports spaced from each other and
configured to support at least one of the plates; and

30 a plurality of light-emitting diode arrays supported by the rack and
cooperating respectively with the supports so that light from the light-emitting
diode array shines into the wells of the plate and promotes growth of the tissue

samples contained therein.
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20 4. An assenbly of Caiml, wherein the light-emtting diodes emt a
white light. 5. An assenbly for pronoting growth of tissue sanples

requi ri ngwbioght268t o support proliferation, said assenbly ®OFArsNF4780 25 a
plurality of plates, each of the plates defining therein a plurality of
wells arranged in a well array, each of the plurality of wells configured
to support and isolate one of the tissue sanples; a rack including a
plurality of suppd:ts stmesmemblyorfi@aiahs,orlieecinzach ofthetighuereittirtgndisdgpport at
| east one of the plates; d 30 uralit ht nlttln di ode arrays
supported by 3RS %ngﬁap Q?&Eel th%défi{kis\?@%? ’Pﬁmtaﬁr@ supports so
that |ight frgmddad nggmhe%H Iu‘rzi}goftﬂé PR sREK Bt ééBhQﬁ%hé R§R chd@ngel | s of
the plate and pronotes growth the tissue sanples contained therein. -11
WD 03/ 072685 mﬁbmitamm@ppmteAﬁemmeO@thfm’@ﬂSm 5, wherein each of the
light-emtting diode arrays conprises a plurality of light-emtting diodes
arranged in an array corresponding to the well array of the plate such that
each of the |ight 2m ttAmgssedbHi TAT&ind 6, vAHEh icQ1OK tAO PGSIokS irtluRSPeECt | ve
one of the wells. 7. An assenbly of C aim6, wherein each of the supports
include a r égglstp@devmhléhmeé tha nlefe supnesteg thereorsigisppregister PREfeAdNt 0 a
register posi ent er ed
opposite its tfr’éet%pec élel% ?rg:dé&iefg@g\%n]k%rgc_m%%@]&%}tgg%g%‘%g%ﬁ ’éhg im7,
wher ei n tlbe sugiRor t conprlses a shelf and the register device is a

regi ster depression defined in the shelf. 15 9. An assenbly of Caimb5,
wherein each of the light-emtting diode arrays includes a circuit board
and a plurality ofg Iigh ES% i rd. 10.
An assenbly of d al m 9, As r%%wgh@ggiw@élﬁ%g@ﬁﬁ& P% ggs%t)ghg]lfﬁﬁgl ity of
card edge conh:emgrstesdemchlmmgls@mdepies;smrrckfmb@mﬂahehdf.r cuit board of one
of the light-emtting diode arrays and support the circuit board and |ight-

15 9. An assembly of Claim 5, wherein each of the light-emitting diode
arrays includes a circuit board and a plurality of light-emitting diodes carried by

the circuit board.

10.  An assembly of Claim 9, wherein the rack further includes a
20  plurality of card edge connectors each configured to receive the circuit board of
one of the light-emitting diode arrays and support the circuit board and light-

emitting diodes above the respective one of the shelves.

11.  An assembly of Claim 5, wherein the supports are spaced at most

25  two inches apart.

12. An assembly for housing a plurality of plates and supplying light to
a plurality of tissue samples, each of the plates defining therein a plurality of wells
arranged in a well array, each of the plurality of wells supporting one of the tissue

30  samples, said assembly comprising:

arack including a plurality of supports spaced from each other; and
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emtting di odes above the respective one of the shelves. 11. An assenbly of
Claim5, wherein the supports are spaced at nost 25 two inches apart. 12.
An assenbwo oBor26Bdusi ng a plurality of plates and suppl yi RgTIUSgho478® a
plurality of tissue sanples, each of the plates defining therein a

plurality of wells arianget o il iRMe sRRAka0R Gl #pRbkY. Of

wel | s supporting one of t’i ss 30 sanples, sald asse y conprising: a
rack incl udi ng lighpémiting dipdes arsmgpdirt mwedeépondmnga@ﬂleoﬂéimayand -12 WO

03/ 072685 PCT/ USQ3/ 047 | r l t | ht-enl di ode arr. each
oel o o b SRR epdh ofpe el Bine dio iy BrauP Rt RS R PS R
corr espondi nqeép@cﬁ%eon\e@fkh@dh%%swﬁfaﬁ@we&h dries 1hgmhn@1 tfiddeg dl ode

arrays is supported by the rack opposi respective one of the shelves
so that | Bghtshinesmieacdspediivetoae of WW@mqfﬁhqwatausomea ogtthedeli nto a
respective one of the wells of the plate supported on the shelf. 13. An
assenbly of Claim 12, wherein each of the shelves is configured to urge at

| east one of the plauralAd ¥ss@hbi Fi@Eini 12, viRrdif Ghcht EthPaeives WoonkGukd. AN
assenbly of Caim12, wherein each of the shelves defines a register

depr essi on sHaess & isaghae of fiee Prepliey oflgenintegragistar nosikioni on. 15. A system
for high-throughput processing of tissue sanples requiring light to
support proliferation, said systemconprising: 15 a plurality of plates,
each pl atlé defi ni rig. t hexreasserdbiyl afiGlhint ¥2,6fheveth bsch dthastgbads idefimeswel | arr ay,
each of the plurality of I1s configured to isolate and hold one of the

ti ssue sanpl &&gistgr ﬁl%%mﬁa wdéomgfrtgww igto &IREIStFEROYEPR cal |y spaced from
each other, each of the shelves supporting at | east one of the plates; 20
a plurality of light-emtting diode arrays, each of the light-emtting

di ode arrays posi tliSonedksgtsmnefcamgsﬂmmghpetmneesdhgbﬁésqubmampksy of shel ves

mani pul at | on "EGUTRATENET SERRE TAP HIEBien: TSP SR Ul at or havi ng a
range of jgotion wherei n gri@lifasipldtss, R S1h10ABANIRL thdhdh algMrality of wells
arranged in a well array, each of the plurality of wells configured to isolate and
hold one of the tissue samples;
a rack having a plurality of shelves vertically spaced from each
other, each of the shelves supporting at least one of the plates;

20 a plurality of light-emitting diode arrays, each of the light-emitting
diode arrays positioned above a respective one of the plurality of shelves so as to
shine light into the wells of the plates; and

an automated manipulation system including at least one plate
manipulator having a range of motion wherein the rack is positioned so that the

25  plates are within the range of motion of the plate manipulator and wherein the plate
manipulator is capable of supporting and removing each plate from the rack for

automated processing of the tissue samples contained therein.

16. A method of promoting growth of tissue samples contained in
30  multiple well plates having a plurality of wells arranged in an array, wherein each
well isolates and supports one of the tissue samples, said method comprising:

loading the wells of the well plates with the tissue samples;

-13-



25 plates are within the range of notion of the plate manipul ator and
wherein the plate manipulator is capable of supporting and renoving each
pl ate frowptobe7r8Ek for autonated processing of the tissREeTABIPOL80
contained therein. 16. A nethod of pronoting growmh of tissue sanples

contained in 30 nulti pifg)ﬁ%\}}\gg%g&;%ll ayd &gégu W Abtie 9f !(oE?igﬁ‘LU anged

in an array, wherein e I'solates an pports one o e tlssue
sanpl es, sai cenmitingatodssnpri sing: l|oading the wells of the well plates with

the tissue sanples; -13 WD 03/072685 PCJ/US03/ 04780 . positioning each well
plate on a support oppoitee “%@“e&’fg F'F’&Hgnggm%ﬁ ’i“EFbt ir%SBE%u,V%é’Yﬁqlrc?i ng
l'ight from thgyphd @6l pRfEst fdgng diodes into the respective wells of the well
pl ates; and 5 renovihg each well plate fromthe support for additional
downst r eafm processi ng. reMoviageethwell platedfrernthe Sippbui fetesiditionaior i si ng ur gi ng
the well plat in%o a re%i stered position on the support until each
light-emtti VIO PRCEE er ed 10 opposite a respective one of the wells
of the well plates. 18. A nmethod of C aim 16, wherein positioning includes
positioning each plate on one of a plurality of vertically stacked
supports. 15 19. A7ret h@meﬂiod@fﬁlmg@ fruighervempeising v ging heayal bplpiergfoa

v oo £ S R P YR PR BT
posi tionilng apgositepespdctige amccoffike (vellsrefkthbyvellplatad. omat ed system 20 21. An

assenbly for pronoting growmh of tissue sanples requiring light to support
proliferation, said assenbly conprising: a plurality of plates, each of the

pl ates defining t ein r et . . i array,
each of the plur alhll%gy ol?%lfgiollds&%%% g%r“é%?%%ig%%%%?g%%Edggﬁ?fmﬁé%?%te one of
the tissue saaph plhte an ook aiphohlingi afyerticplly statkedysupportshel ves and a plurality
of card edge

15 19. A method of Claim 18, further comprising attaching a circuit board
of the light-emitting diode arrays opposite each of the vertically stacked supports.

20. A method of Claim 16, wherein loading, positioning and supporting
are performed by an automated system.
20 ‘
21.  An assembly for promoting growth of tissue samples requiring light
to support proliferation, said assembly comprising:

a plurality of plates, each of the plates defining therein a plurality of
wells arranged in a well array, each of the plurality of wells configured to support
25  and isolate one of the tissue samples;

a rack including a plurality of shelves and a plurality of card edge
connectors, said shelves vertically spaced from each other with each shelf
supporting at least one of the plates in a register depression which urges the plate
into a register position and said card edge connectors each positioned above a

30  respective one of the shelves; and
a plurality of light-emitting diode arrays supported above the

shelves by the card edge connectors, each of the light-emitting diode arrays
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connectors, said shelves vertically spaced from each other with each shelf
supporting at |east one of the plates in a register depression which urges
t he pl at ewOiodnT685 r egi ster position and said card edge comegdisos/e47e@ch
posi ti oned above a 30 respective one of the shelves; and a plurality of
i ght - emi U ngoidaings oA rtRRARIEL ABRCI RSB BbAaS s ot thafd] edge
connectors, eacﬁ 109 he | rght iéeméﬂtatl g di ode ar rlrzgys -1218V\DCIO3 072685
PCT/ US03/ 047 8@rryingcheiighiepnaittipgudiades ity arodrrdyi qpmtesipomidintg toghelweldl esayamidha
circuit board, ,sai ircuit_.po carryi.ng the lLight-emtiing diodes in an
rray corres ARt el b o e el oiiigdipths € Bosii e pRor A Bkt ¢ ne
l'ight em ttingedirafasellssandQehietcaR9e: PRERC e Well YRR Mbte iPMaNOT the wells
and centered over its respective well when the plate is in the 5 registered
posi ti on. 522 regigteredqottiop. f or pronoting growth of tissue sanples requiring
light to support proliferation, said assenbly conprising: a plate defining
therein a plurality of wells arranged in a well array, 10 each of the
plurality of well2confAgudsesblyfosprpRdting rsvthokiade sampledtedulithg lightue
sanples; and a plurality of light-emtting diodes arranged in a
|i ght - eni tti g suRRosidEokferatipnasfdd poembiysredrisgosi te the wells so as to
shine white light into t ] F R i1 i t tissue
supported therein. 15 _alggted\éﬁlulnﬁﬂ?e%lngp t?lo?r\x%lll's aﬁ'éﬂéédqﬂagxtellaﬁlﬁy,

10 each of the plurality of wells configured to support and isolate one of the tissue

samples; and
a plurality of light-emitting diodes arranged in a light-emitting
diode array and positioned opposite the wells so as to shine white light into the
wells and promote proliferation of the tissue supported therein.
15
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